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Abstract 
In this study, using a microsimulation model, queues of Fatih Sultan Mehmet (FSM) Bridge toll booths are analyzed. 
Generally two queues form in the study area. First one is in front of the booths and the second one is after the booths, due to 
the existing bottleneck between the booths and the Bridge. Queue/delay performance of the system is analyzed incorporating 
the queuing theory. According to demand and service time of each server, queue may occur before the booths and/or before 
the bottleneck. The propagation of the second queue may overlap the first one because of the bottleneck capacity and for sure 
the increasing demand. Four different scenarios are simulated in order to evaluate capacity of the toll collectors and the 
bottleneck section. Some traffic management strategies are applied to improve the quality of service by decreasing delays and 
increasing capacities.  In each scenario, average delay time per vehicle, average travel time, occupancy and speed data are 
obtained with microsimulation software, Vissim. Finally, optimum number of toll collectors is determined by seeking to 
minimize delays and maximize bottleneck capacity. 
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1. Introduction 
Istanbul is the largest city of Turkey in both economic and population growth. Today, Istanbul accommodates 
a population of more than 14 million (TUIK, 2012) and still increasing Istanbul’s history dates back to Ancient 
times. However, its rapid change shown after the proclamation of the Turkish Republic in 1923. In the mid-1920s 
Turkey and also Istanbul started keeping up with the time. After 1950s railways became unpopular, motorization 
and highways got more popular as it were all over the world. By the 1960s traffic had become the major problem 
of Istanbul. Due to its strategic location, Bosphorus strait separates city into two main land areas and this cause 
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limited usage of vehicles between two continents, Europe and Asia. In 1960s ferryboats were used in order to 
cross Bosphorus. To solve Bosphorus crossing problem, in 1973 Istanbul Bosphorus Bridge (which is known as 
First Bridge) was opened. Although First Bridge has 3 lanes per direction, it reached its capacity before 
estimated. In order to meet increasing demand Fatih Sultan Mehmet (FSM) Bridge (which is known as Second 
Bridge) was opened in 1988, which is a part of the Trans European Motorway (TEM). Despite being built in rural 
area in the 1980s, today it is almost in the center of İstanbul. Second Bridge has 4 lanes in each direction and has 
a huge toll booth area in order to handle its higher capacity. This study deals FSM Bridge’s huge toll collector 
area and proposes methods/recommendations for the efficient use of both Bridge and toll booths’ capacities.  
Generally two queues form in the study area. First one is in front of the booths and the second one is after the 
booths, due to the existing bottleneck between the booths and the Bridge. At first glance, operation of all toll 
booths is appropriate in order to decrease delays and increase bridge capacity. However, when all 22 servers are 
in-service, bridge capacity becomes lower than the toll booths capacity. This is the most important reason of 
queue formation in front of the bottleneck, just before the bridge. Besides, this queue can overlap the other queue 
formed before the toll booths. In addition to this, these two queues can expand up to the 6 lane upstream direction 
(see Fig. 1). Microwave sensors have been used in order to collect vehicle counts that are used as input values to 
the microsimulation software. In order to evaluate performance of toll booths and FSM Bridge, some 
performance measures are derived by the microsimulation software, i.e., delay, travel time, speed, occupancy and 
vehicle counts. 
 
Fig. 1. Toll booths area of FSM Bridge 
2. Relevant Literature 
Although an enormous number of different studies exist on queuing theory, in this paper, queues on highways 
and toll booths are studied.  
It is always difficult to determine travel times or average speeds of vehicles especially freeway sections which 
include toll booths. Irregularities caused by toll booths make it difficult to measure travel times and also delays. 
Lin and Yu (2008) evaluated efficiency of open road tolling systems instead of electronic toll collection systems 
with the perspective of air quality assessment. Open road tolling definitely reduces delays, maximizes user’s 
utilities and achieves air quality benefits. Komada and Nagatani (2010) proposed optimal velocity and dynamic 
traffic flow model for the cash payment toll booths. Their model includes traffic states and queues induced by toll 
booths. However, they just mentioned that formation of queues in front of the toll booths and concluded that lane 
expansion reduces congestion (or queues) before the toll collectors.  
Another attractive topic about toll booth queues is the jockeying phenomena. This simply, switching (or 
jockeying) between queues before the servers. Naturally, drivers tend to choose the shortest queue; however it is 
generally difficult to realize which one is the shortest. In FSM Bridge microsimulation model, drivers can change 
lanes before passing the toll booths in order to be more realistic. As a general belief, jockeying isn’t 
recommended in toll booths, because it’s more difficult to define which queue is the shortest in toll booths 
(Winston and Goldberg, 2003). Blanc (2009) showed the probability of switching queues whether good or bad 
when customers try to join the shortest queue. 
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Several studies have been conducted with microsimulation models in order to evaluate toll booths 
performance. Astarita et. al (2001) have shown effect of mixed toll booths with different toll collection 
technologies by microsimulation. They also mentioned that limited capacity of manual toll collection causes long 
queues and spillback effect reduces electronic toll collections systems’ performance. Sadoun (2005) used 
microsimulation model in order to evaluate toll plaza systems performance by using delays, number of toll booths 
and type of service (cash or electronic payment). Van Dijk et. al (1999) introduced a study by microsimulation 
and queuing theory in order to determine number of toll booths  with different payment technologies (cash, credit 
card or electronic payment). Obelheiro et. al (2011) proposed a method for analyzing level of service at toll 
plazas based on user’s perception of quality of service. They indicated that queue length has a crucial influence 
on the quality of service and it is easy for road users to perceive by evaluating the performance and quality of 
their trip. They used a microsimulation model with different numbers of toll booths to evaluate each scenario and 
test their model.  
For the Istanbul Bosphorus Bridge, Gedizlioglu (1988) mentioned that downstream volume is less than its 
capacity and total volume of approaches. In addition, it is concluded that uncontrolled freeway ramps and flows 
cause queue formation, especially before the bottleneck sections (Gedizlioglu, 1988). 
Due to Bosphorus Bridges’ strategic location and economical concerns, open toll payment system is not 
applicable for Istanbul. Even using electronic toll collection systems; several vehicles pass bridge without paying 
any charge. Although its advantages are known, open toll paying system cannot be an option in the present study. 
Certainly, main reason for the formation of queues at both freeway and bridge entrances are the booths as 
mentioned by Komada and Nagatani (2010). However, toll booths and freeway sections (before and after the 
booths) must be considered as a whole. In FSM Bridge microsimulation model, before and after the booths are 
simulated, analyzed and behaviour of whole system is investigated in relation to the number of toll booths. 
Switching to shorter queue before entering any queuing system may not be always the shortest (Winston and 
Goldberg, 2003). However, in real life, drivers tend to change lane to the shortest queue exists. Microsimulation 
model considers lane changing behavior of drivers in order to be more realistic. Effects of mixed toll collection 
technologies are considered in several papers (Astarita et. al 2001, Sadoun 2005, Van Dijk et. al 1999). In each 
paper, cash or credit card payments (contact payment) are taken into consideration and spillback effects of 
contact payment booths are mentioned. Currently, all booths at FSM Bridge have a contact-free payment 
technology but in two different ways: automatic pass system and rapid pass system. In microsimulation model, 
drivers don’t need to stop for paying, they just reduce speeds around to 50km/h while passing booths area. 
Further explanations and recommendations about contactless toll collection technologies are explained in the last 
section. Level of service determination on toll booths area can be specified with queue length (Obelheiro et. al, 
2011) or delay times (Sadoun, 2005). In the present study, delay times are chosen for comparison of different 
scenarios. If no traffic management strategies are considered for FSM Bridge (22 booths option) it is observed 
that downstream capacity of the FSM Bridge is lower than its approaches and toll booths as well mentioned for 
the Bosphorus Bridge (Gedizlioglu, 1988). 
3. Case Study on Istanbul Fatih Sultan Mehmet Bridge 
Fatih Sultan Mehmet Bridge has 22 toll booths which are designed in accordance with cash payment time 
roughly 8 to 30 seconds (Kepsutlu, 1986). However, today, electronic toll collection systems are in use and they 
have less payment time (2-3 seconds) with low variance. Therefore, it is no longer logical to use all of the toll 
booths with this available toll collection technology. 22 toll booths have been in service until recently, but now 
nearly half of them are out of use in order to regulate toll booths area. It is also explained in details in the 
following sections why these strategies have to be enforced. 
Before the FSM Bridge toll booths, TEM has 6 upstream lanes. These 6 lanes are merged to the 22 toll 
collectors. After the toll booths, to the downstream direction, 22 lanes drop 4 lanes before the FSM Bridge (See 
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Fig.1). This can also affect bottleneck capacity even if toll collectors don’t exist. In this study, relation between 
delays and number of toll booths are investigated to propose optimum number of booths in order to regulate 
traffic flow. 
4. Simulation Model and Calculations 
Two approaches are used to analyse queues of toll booths: analytical calculations and microsimulation model. 
In microsimulation model two delay measurement sections are defined. First section between A and C, which is 
approximately 950m and second section starts 5500m before the point A and finishes at point C (see Fig 1). 
Travel times, also delays are obtained by the microsimulation model. In analytical calculations, inconsistency 
between 6 and 4 lanes freeway capacities and 22 toll collector capacities are shown. For sure, efficiency on 
decreasing delays and increasing downstream capacity are shown after determining optimum number of toll 
collector. By trying different scenarios, trial and error method, it can be concluded that 6 toll booths are more 
appropriate than even 8, 10 or 22 in order to decrease delays.  
Microsimulation software Vissim has been utilized to generate travel times, and also delays, for study area. 
Vissim is used to simulate the detailed model and conditions of a segment of the study area. Vissim’s traffic 
model is based on the study of R. Wiedemann (Wiedemann 1974, Wiedemann 1991), which combines the model 
of driver, the car following model, with the vehicle model, the lane changing model. Car following models 
explicitly define the longitudinal vehicle movement which is influenced by other vehicles in the front in the same 
lane while the lane changing model defines the representation of human perception of relative vehicle 
movements. 
Dependent on the space-time trajectory of each vehicle, travel time can be determined for any section that is 
bounded by points specified at both upstream and downstream. For a specific time interval, solely vehicles those 
traverse a section are taken into account. Each vehicle traversing a section is tracked and registered into a set that 
average travel time is derived. Total delay is computed by taking difference between actual travel time and 
theoretical (ideal) travel time. The ideal travel time is the time that can be reached if there are no other vehicles or 
any stops in the network. In other words, ideal travel time is the travel time between sections at the free-flow 
speed. For more details about Vissim and travel times see Aksoy and Celikoglu (2012). 
Fig. 2 shows delays for 950m freeway section which includes toll collectors. Even if drivers don’t need to stop 
for paying, this section is so crucial because of the toll collectors.  
Fig. 2. Average total delay per vehicle between sections A and C 
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Maximum delay is observed as 800 seconds when 22 collectors are in service just for 950m section. On the 
other hand, it is observed that when the number of toll booths decreased, delay times are also decreased. In 6 toll 
booths option delays are 4 times lower than 22 booths option.  
Besides, Fig 2 indicates that it is not possible to cross A-C section under the 200 seconds delay in peak hours 
even in the best case (when 6 toll booths in service). This is mainly because of the bottleneck which forms before 
the bridge. Even if 6 booths are in service, eventually 6 lanes must drop to 4 lanes before the bridge. This 
situation causes inevitable delays and queues for drivers. However, the effect of bottleneck is decreased in 6 toll 
booths option as the toll collectors and freeway capacities are more consistent than the previous cases. 
Fig. 3 reflects delays for nearly 6500m freeway section which also includes toll booths again. In this section, 
delays reached their maximum values at around 19:00. The reason is that, for sure forming queues to the 
upstream direction. It can be said that from Fig. 3, maximum queue length is observed around 19:00. In addition, 
even if long queues occur, speed of flow is greater than 22 toll collectors option, because delays are lower. 
Actually, the main effect of delays is not forming queues to the upstream direction but the toll booths and 
bottleneck are the main reason of delays as shown in Fig 2. 
Fig. 3. Average total delay per vehicle between sections before 5500m from A and C 
By regulating toll booths area and number of toll booths it is proved that delays can be decreased as shown in 
Fig. 2 and Fig. 3. After regulation, results indicate that the capacity of FSM Bridge is increased. An average of 
675 more vehicles can traversed FSM Bridge in 8 toll booths option for each hour. However, minimum delays 
are observed in 6 toll booths option. Cumulative vehicle counts (N-Curves) are re-scaled by subtracting 
background volume by using Eq. 1. Fig. 4 shows re-scaled N-Curves for each case at the point C. 
0( ) 'N t q t   (1) 
N(t) represents cumulative vehicle counts until time t, q0 is reference volume (approximately the capacity 
value) which is chosen as 40vehicles/20seconds for 4 lanes, and t’ is the elapsed time (or time interval) from the 
start of analysis period. Reducing cumulative vehicle counts by reference volume (or background flow) means 
enlargement of details, such as capacity use, decreasing or increasing flows (Cassidy, 1998). It can be inferred 
from the Fig 4, 2700 more vehicles can traversed FSM Bridge at the end of 4 hours simulation time period which 
is seen by taking vertical difference between the lines at time 21:00. In Fig. 4, 22 toll booths option has a 
negative gradient while others have a positive. Negative gradient means volume of a section is lower than the 
selected reference volume. Positive and zero gradients mean higher and equal volume as the reference volume 
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respectively. Inefficiency of 22 toll booths option is proved by negative gradient, in other words capacity of road 
section (Bridge) is always lower than its expected (1800 veh/hour/lane) capacity. 
 
Fig. 4. Rescaled cumulative vehicle counts at C 
Traffic flow data, i.e., vehicle counts, speed and occupancy are obtained from remote traffic microwave 
sensors (RTMS) is input to modelling study with microsimulation model, Vissim. Traffic flow data are obtained 
from RTMS at 2 minutes discretized time intervals. RTMS number 2 is located 700m before the section A and 
collected traffic data belongs to Monday. In order to represent more comprehensible vehicle counts, collected 
traffic data is aggregated in 20 minutes time intervals as shown in Table 1, 2, 3 and 4. From the perspective of 
queuing theory, arrival rates (λ) are representing by demand, in other words vehicle counts (veh/20min). Service 
rate (μ) is the capacity (veh/20min) of road section or toll booths. Number of parallel servers, s1 and s2 are 
representing number of toll booths and number of lanes according to queue analysis part. Ratio between arrival 
rate and service rate (μ.s1 or μ.s2) gives traffic intensity (ρ), utilization factor of the road section. For analytical 
calculations, average service time of booths is accepted as 3 seconds and capacity of freeway is 1800 veh/hour. 
Note that, calculations are so sensitive to the assumptions. These values are selected from the previous 
observations for Istanbul freeways. It shouldn’t be forgotten that these assumptions may change according to 
driver’s behaviour in different countries. 
Table 1 indicates analytical calculations for 22 toll booths option. When there are more than adequate number 
of toll collectors, traffic intensity values get smaller values. For the toll collectors, as shown in Table 1, traffic 
intensity values are very small. For sure this does not mean that queue will not occur. After the toll collectors, 
before the bridge higher and variable traffic intensity values are calculated. Inconsistent and grater (ρ>1) traffic 
intensity values are the reason of the formation of queues before the bridge. For highways (or any other queuing 
system), when demand is higher than the capacity (means ρ>1) formation of queues are inevitable. As it is seen 
from the Table 1, four lanes highway is not adequate for demand, in other words capacity of 22 toll collectors 
(8800veh/20min) are 3.7 times greater than capacity of 4 lanes freeway (2400veh/20min).   
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Table 1. Analytical calculations of 22 toll booths option. 
Toll Booths 4 Lanes Freeway 
Time λ μ s1 s1.μ ρ=λ/s1.μ λ μ s2 s2.μ ρ=λ/s2.μ 
17:00 - 17:20 2825 400 22 8800 0.321 2825 600 4 2400 1.177 
17:20 - 17:40 3158 400 22 8800 0.359 3158 600 4 2400 1.316 
17:40 - 18:00 3324 400 22 8800 0.378 3324 600 4 2400 1.385 
18:00 - 18:20 3285 400 22 8800 0.373 3285 600 4 2400 1.369 
18:20 - 18:40 3285 400 22 8800 0.373 3285 600 4 2400 1.369 
18:40 - 19:00 2860 400 22 8800 0.325 2860 600 4 2400 1.192 
19:00 - 19:20 2661 400 22 8800 0.302 2661 600 4 2400 1.109 
19:20 - 19:40 2917 400 22 8800 0.331 2917 600 4 2400 1.215 
19:40 - 20:00 2510 400 22 8800 0.285 2510 600 4 2400 1.046 
20:00 - 20:20 2477 400 22 8800 0.281 2477 600 4 2400 1.032 
20:20 - 20:40 2113 400 22 8800 0.240 2113 600 4 2400 0.880 
20:40 - 21:00 1999 400 22 8800 0.227 1999 600 4 2400 0.833 
 
Irregular distribution of traffic intensities can be balanced by decreasing number of toll collectors. By 
operating 10 toll collectors, traffic intensities are increased for toll booths. This regulation provides balanced 
usage of both queuing areas, toll booths and bottleneck. Even so, after this regulation queue formation is 
unavoidable for bottleneck section. Maximum traffic intensity is calculated as 1.385, this means that booths 
capacities are still higher than freeway capacity. However, traffic flow is more stable and average flow speed is 
higher than previous case. The question is that, whether 10 is adequate number for 4 lane freeway section or not. 
To answer this question 8 and 6 toll booths scenarios have to be considered. 
Table 2. Analytical calculations of 10 toll booths option 
Toll Booths 4 Lanes Freeway 
Time λ μ s1 s1.μ ρ=λ/s1.μ λ μ s2 s2.μ ρ=λ/s2.μ 
17:00 - 17:20 2825 400 10 4000 0.706 2825 600 4 2400 1.177 
17:20 - 17:40 3158 400 10 4000 0.790 3158 600 4 2400 1.316 
17:40 - 18:00 3324 400 10 4000 0.831 3324 600 4 2400 1.385 
18:00 - 18:20 3285 400 10 4000 0.821 3285 600 4 2400 1.369 
18:20 - 18:40 3285 400 10 4000 0.821 3285 600 4 2400 1.369 
18:40 - 19:00 2860 400 10 4000 0.715 2860 600 4 2400 1.192 
19:00 - 19:20 2661 400 10 4000 0.665 2661 600 4 2400 1.109 
19:20 - 19:40 2917 400 10 4000 0.729 2917 600 4 2400 1.215 
19:40 - 20:00 2510 400 10 4000 0.628 2510 600 4 2400 1.046 
20:00 - 20:20 2477 400 10 4000 0.619 2477 600 4 2400 1.032 
20:20 - 20:40 2113 400 10 4000 0.528 2113 600 4 2400 0.880 
20:40 - 21:00 1999 400 10 4000 0.500 1999 600 4 2400 0.833 
 
By closing 2 more toll collectors, traffic intensities for toll booths are increased as shown in Table 3. 
However, for booths, 3200veh/20min capacity is still higher than bottleneck capacity according to the analytical 
calculations. Despite, 8 toll booths achieved to decrease delays by regulating traffic flow. In microsimulation 
model, maximum bottleneck capacity is observed in 8 toll booths case, but still delays are greater than the 6 toll 
booths option (See Fig 2). 
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Table 3. Analytical calculations of 8 toll booths option 
Toll Booths 4 Lanes Freeway 
Time λ μ s1 s1.μ ρ=λ/s1.μ λ μ s2 s2.μ ρ=λ/s2.μ 
17:00 - 17:20 2825 400 8 3200 0.883 2825 600 4 2400 1.177 
17:20 - 17:40 3158 400 8 3200 0.987 3158 600 4 2400 1.316 
17:40 - 18:00 3324 400 8 3200 1.039 3200 600 4 2400 1.333 
18:00 - 18:20 3285 400 8 3200 1.027 3200 600 4 2400 1.333 
18:20 - 18:40 3285 400 8 3200 1.027 3200 600 4 2400 1.333 
18:40 - 19:00 2860 400 8 3200 0.894 3154 600 4 2400 1.314 
19:00 - 19:20 2661 400 8 3200 0.832 2661 600 4 2400 1.109 
19:20 - 19:40 2917 400 8 3200 0.912 2917 600 4 2400 1.215 
19:40 - 20:00 2510 400 8 3200 0.784 2510 600 4 2400 1.046 
20:00 - 20:20 2477 400 8 3200 0.774 2477 600 4 2400 1.032 
20:20 - 20:40 2113 400 8 3200 0.660 2113 600 4 2400 0.880 
20:40 - 21:00 1999 400 8 3200 0.625 1999 600 4 2400 0.833 
 
After all, 6 booths are used in order to make analytical calculations and run the microsimulation model. It is 
not logical to use below the 6 toll booths, because it will cause lower traffic intensity values for the bottleneck 
section. Table 4 shows analytical results for the 6 booths option.  As it mentioned before, calculations in Table 4 
are so sensitive for the assumptions (service time, capacity). Thus, it couldn’t be concluded that there won’t be 
queue formation before the bridge (at bottleneck). However, this regulation provides minimum delays due to 
decreasing effect of lane drop (bottleneck effect) before the Bridge. 
Table 4. Analytical calculations of 6 toll booths option 
Toll Booths 4 Lanes Freeway 
Time λ μ s1 s1.μ ρ=λ/s1.μ λ μ s2 s2.μ ρ=λ/s2.μ 
17:00 - 17:20 2825 400 6 2400 1.177 2400 600 4 2400 1.000 
17:20 - 17:40 3158 400 6 2400 1.316 2400 600 4 2400 1.000 
17:40 - 18:00 3324 400 6 2400 1.385 2400 600 4 2400 1.000 
18:00 - 18:20 3285 400 6 2400 1.369 2400 600 4 2400 1.000 
18:20 - 18:40 3285 400 6 2400 1.369 2400 600 4 2400 1.000 
18:40 - 19:00 2860 400 6 2400 1.192 2400 600 4 2400 1.000 
19:00 - 19:20 2661 400 6 2400 1.109 2400 600 4 2400 1.000 
19:20 - 19:40 2917 400 6 2400 1.215 2400 600 4 2400 1.000 
19:40 - 20:00 2510 400 6 2400 1.046 2400 600 4 2400 1.000 
20:00 - 20:20 2477 400 6 2400 1.032 2400 600 4 2400 1.000 
20:20 - 20:40 2113 400 6 2400 0.880 2400 600 4 2400 1.000 
20:40 - 21:00 1999 400 6 2400 0.833 2400 600 4 2400 1.000 
 
Change in traffic intensities is shown both toll booths and freeway in Fig 5 (a) and (b) for each case. As can be 
seen from the Fig. 5 (a), more than required toll booths cause lower traffic intensities and inefficient use of 
booths. When the number of active toll booths decreased, traffic intensities are increased for toll booths. Freeway 
traffic intensities are affected by toll booths capacities. Intended traffic intensities (ρ≤1) are observed only at 6 
toll booths option for bottleneck. In all other cases, traffic intensity values take bigger values (ρ>1) as shown in 
Fig 5 (b). 
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Fig. 5. Change of traffic intensities for (a) toll booths (b) 4 lanes freeway 
5. Conclusion 
The present study is performed to explicitly analyse the queue formation on Istanbul Fatih Sultan Mehmet 
Bridge toll booths area from two perspectives: analytical and microsimulation. Vehicle counts are collected by 
RTMS considering vehicle classes. Different tool booths scenarios are defined in order to evaluate their 
performances. As a performance indicator delay time is chosen and calculated by using calibrated 
microsimulation model for Istanbul freeways. It is seen that, when the number of active toll booths is decreased, 
total delay times (per vehicle) are also decreased but bottleneck capacity is increased. After simulating each 
scenario, it is seen that 675 more vehicles can traverse FSM Bridge for each hour, in 8 toll booths option. 
However, minimum delays are observed in 6 toll booths case due to decreasing effect of bottleneck. Analytical 
calculations are conducted by using demand (λ), capacity of servers (μ) and number of parallel services (s) 
according to the queuing theory. It is also shown that traffic intensity for 22 booths option is at very low level and 
this cause unbalanced usage of huge toll booths area. Queues always start forming in bottleneck, before the FSM 
Bridge, because capacity of 22 toll booths is always greater than the 6 lanes freeway in upstream flow. 
Decreasing number of toll booths provides higher traffic intensities for toll collectors and lower traffic intensities 
for bottleneck. Assumptions for analytical calculations are; 1800veh/hour freeway capacity, 3 seconds service 
time of each server. Certainly, these values are affecting analytical calculations. Freeway capacity can be chosen 
as 2000 veh/hour or service time may be lower than 3 seconds. In some countries without the lane discipline, 
freeway capacity can even be observed lower than 1800 veh/hour. In order to obtain more accurate and reliable 
results, these findings may be attributed to a mathematical model and may be solved by iterative way to 
determine optimum number of toll collectors. Thus, decreasing number of booths provide a balanced usage of 
both queuing parts in toll collectors area, along the 950m road section. Depending on these findings; it can be 
concluded that the more efficient ways exist to use FSM Bridge area with the less resources consumed.  
Currently, in FSM Bridge toll collectors, two different electronic toll payment systems are in service: 
automatic pass system and rapid pass system. Both systems based on the same payment method, contactless. 
However, they are operating in separate toll booths. At present, 10 toll booths are in service at FSM Bridge. 
However, in the near future, there will be only one type of toll collection system (rapid pass system) in use at 
FSM Bridge. Then, number of toll booths has to be re-determined by considering the results of this study. 
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Variable capacities and service times can be used for obtaining iterative results of each scenario. Instead of 
using a constant service time, any distribution may be used for toll booths service times. Lower speed limit may 
be used for toll booths and this may increase capacity of both bridge and booths. Other studies are currently 
ongoing about these topics; however these are not mentioned in this study’s scope. 
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